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7KHPDWHULDO FRQVLGHUHG LQ WKLV VWXG\ LV DQ DOXPLQXP DOOR\ $O 7 WXEH 7KH $O 7PDWHULDO ZDV


























REWDLQHGIURP)(0DUHSORWWHG IRU IRXUGLIIHUHQW IULFWLRQFRHIILFLHQWV7KHPHFKDQLFDO UHVSRQVHKDV WKUHHGLVWLQFW
UHJLRQVRIGHIRUPDWLRQZKHUHWKHILUVWFRUUHVSRQGVWRDJUDGXDOUHGXFWLRQRIWKHLQLWLDOFOHDUDQFHEHWZHHQWKHULQJ
VSHFLPHQ DQG WKH 'EORFN WKH VHFRQG UHJLRQ FRUUHVSRQGV WR HODVWLF GHIRUPDWLRQ DQG WKH WKLUG UHJLRQ WR SODVWLF
GHIRUPDWLRQ7KHLQVWDQFHRIRQVHWRIQHFNLQJG)G' LVDOVRQRWLFHDEOHIURPWKHIRUFHGLVSODFHPHQWFXUYHDV
LQGLFDWHG E\ WKH KROORZ PDUNHUV ,W LV DOVR REVHUYHG WKDW LQFUHDVH LQ IULFWLRQ FRHIILFLHQW ZLOO VKLIW WKH ORDG
GLVSODFHPHQW FXUYHXSZDUG DQGGHOD\RQVHW RI QHFNLQJZKLOHPDLQWDLQLQJ WKH WUHQGRI WKH FXUYH+HQFH IULFWLRQ










7KH WHVWLQJ VHWXS FRQVLVWV RI DQ XSSHU DQG ORZHU IL[WXUH 'EORFNV DQG SLQV ZKLFK DUH PRXQWHG WR DQ076
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DQGVWUDLQLVPHDVXUHGSULPDULO\E\D7LQLXV	2OVHQYLGHRH[WHQVRPHWHUZKLFKLVEDVHGRQGLJLWDOLPDJHFRUUHODWLRQ
WHFKQLTXH',&7KHRXWHUVXUIDFHRIWKHJDXJHUHJLRQLVVSUD\HGZLWKDPDWWZKLWHFRORUDQGDPDWWEODFNFRORUWR
FUHDWH DQ LUUHJXODU VSHFNOHG SDWWHUQ DV VKRZQ LQ )LJ  F 7DUJHW SRLQWV DORQJZLWK WKHLU ER[HG DUHD UDQJH DUH
DVVLJQHGZKLFKDUHXVHG WR WUDFN WKHPRYHPHQWRI WKH VSHFNOHVZLWKLQHDFKER[DQGFRUUHODWH LW WKHRULJLQDOXQ
GHIRUPHGSDWWHUQ+HUHIRXUWDUJHWSRLQWVDUHDVVLJQHG7KHVWUDLQLVPHDVXUHGEHWZHHQWDUJHWSRLQWDQGDQGWKH





'EORFN LV SUHVHQW GXULQJ WKH WHVW ,Q RUGHU WR UHGXFH IULFWLRQ WKH'EORFNV DQG WKH LQWHUQDO VXUIDFH RI WKH ULQJ
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ZLGWK DQG WKH WKLFNQHVV DUH HTXDO DV UHSRUWHG LQ >@+HQFH IURPHTQV  WR  DQ LPSOLFLW H[SUHVVLRQ IRU WKH
WDQJHQWLDOKRRSHQJLQHHULQJVWUDLQ eI FDQEHGHULYHGDQGLVJLYHQE\




























PHDVXUHGVWUDLQ me +RZHYHUIRUODUJHRXWHUSLSHGLDPHWHUܦ଴SLSHVDQGDUHODWLYHO\VPDOOJDXJHOHQJWK L HTQ
UHGXFHVWR
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+HQFHWKHWUXHWDQJHQWLDOVWUDLQLVQRZJLYHQE\
  mln eIH     
,Q)LJWKHWDQJHQWLDOIRUFHܨథLVSORWWHGYHUVXVWKHHQJLQHHULQJWDQJHQWLDOVWUDLQ݁థIRUREWDLQHGH[SHULPHQWDOO\











DQG WKHFRUUHFWHGH[SHULPHQWDO WDQJHQWLDO IRUFH LVREWDLQHGE\VXEWUDFWLQJ WKLVGLIIHUHQFHIURPWKHH[SHULPHQWDOO\
REWDLQHGGDWD+HQFHWKHFRUUHFWHGWDQJHQWLDOIRUFHܨథ LVJLYHQE\
       FEM . FEM .ExpF F F FP PI I I I       
7KH WUXH WDQJHQWLDO KRRS VWUHVV LV QRZ JLYHQ E\ WKH FRUUHFWHG WDQJHQWLDO IRUFH DQG WKH LQVWDQWDQHRXV FURVV
VHFWLRQDUHDܣRIWKHJDXJHOHQJWKDV
 F / AI IV    
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7KHLQVWDQWDQHRXVFURVVVHFWLRQDUHDLVJLYHQE\      z rA w t e e   DVVXPLQJ r ze e DVZDVHVWDEOLVKHGLQ
>@JLYHV   
 zA w t e  ZKHUH݁௭LVWKHFKDQJHLQZLGWKDQGLVPHDVXUHGH[SHULPHQWDOO\EHWZHHQWDUJHWSRLQW
DQG7KHLQLWLDOWKLFNQHVVDQGZLGWKDUH   w t  PP
)LJXUHVKRZVWKH tangential WUXHVWUHVVREWDLQHGIURPHTQYHUVXVWKHWUXHtangentialVWUDLQREWDLQHGIURP
HTQIRUWKH$O7ULQJVSHFLPHQ7KHaxialWUXHVWUHVVVWUDLQIRU$O7REWDLQHGIURP>@LVDOVR
SORWWHGIRUUHIHUHQFH $VVKRZQ WKH tangentialDQGaxial WUXHVWUHVVVWUDLQFXUYHVDJUHHPDUNHGO\ZHOO LQGLFDWLQJ
WKDW WKH$O 7 SLSHV KDYH LVRWURSLFPHFKDQLFDO EHKDYLRU0RUHRYHU WKH GHYHORSHG H[SHULPHQWDO SURFHGXUH
ZLWK LWVSRVWSURFHVVLQJVWHSZKLFKFRUUHFWV IRU WKH IULFWLRQ LVDQDFFXUDWHPHWKRGIRUGHWHUPLQLQJ WKH WDQJHQWLDO
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